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IMMUNOGLOBULIN 1 

The prtsent invention relates to a meliiod fcr the gpneiatiott of single chaiii 
iromunoglobulins in a mammal. In particdar; the present inveiitioarB^ 
for &e gpneiation of angle chain camclid VHH antibodies in a oiammaL Single duin 
5 anlftodies generated using the method of the present in^^ 
also desciibed. 



RaK tcfif yi^iin^ die invention 

The siiitigeii binding domain of an antibody comprises two sq»aratc regions: a heavy 
chain variable domain (VH) and a li^ chain variable domdn (Vu which can be 

10 either Vlsap^m'- "Vlacgbd^- The ant^o^^Liding ate .itself is formed by six 
polypqptideloq^: ItiioeiiraBVHd^^ VL domain 

(Li. L2 and t^)j,A divcn^^aiy i^pccfib&i^$^ genes diat enoodo ifae VH and Vl 
doniaiji& is ^d&sed by Uafc bomMiwtorial ict^i to gfiment of gen« segments. The VH 
gene is produced by the nscombinaiion of tlnce gene segments, VH, D mid J^- In 

15 humans, ftere are approjamEidy 51 fimctionHl VH segments (Cook and Tomlinson 
(1993) Immunol Todi^^ 16: 23.7). 25 ftmctional D segments (Coibett et al (1997) J. 
MoL BibL, 268: 69) and 6 functional JR segments (Jlitvetch et al C1981) CbH. 27: 
583), depending on Ae baplotype. The VH segment encodes Hie xee^on of the 
polypeptide chain v^ch forms the first and second an^en Wnding loops of the VH 

20 domain (HI and H2), whilst the VH, D and Jr segments combine to form the thiid 
antigen binding loop of the VH domain {H3). The Vl gene is produced by the 
reeombinatian of only two gene segments, VL and Jl- In humans, thexe are 
e^^HOximaicly 40 fimctional Vfc segmenb (SdiBble and Zacfaaa (1993) Biol. Chem. 
NoppeSeyler^ 374: jOOl), 31 fimctioiMl VX segments (Williams et al. (1996) J. Mol 

25 BioL, 264: 220; KKwasaki et aL (1997) Genome Res., 7: 250). 5 fimctional Jk 
segments (Hieter et al (1982) J. Biol Cfiem., 257: 1516) and 4 fimctional I\ segments 
(Vasicek and Leder (1990) J. Exp. MecL, 172: 609), depending on Ihfi baplotype. The 
VL segment cacodca tbt: region of the polypeptide chain vAich forma the fi«t and 
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5ec<a.d antigea lAiding locps Of the Vt 

segment$ combine to fwm thW antigen Irindiiig loop of *b Vl iomsm (^3). 
Antibodies selected fiom this primaiy tepertoiie are beUeved to be suffidoatty diverse 
to bind almost all antigsDS with at least moderate afBnity. High aflBnity antibodies are 
pcodoced by **a£anity matucadon" of Ac leatranged genes, in vdndi point racrtations 
are genttated and sdeeted by the: imiaune sy sttm M the basfe 

Hie heavy chain locus contains a large ncmber of variable chain genes (VH; in feet not 
oomplete genes but comprising a first coding cj«on plus transcriptional start site) that 
are nwondrined onto two short coding regions D smd J (known as VDJ recombination) 
•wAich pfocedfi the ffiOMis that code for the constant region of the heavy chain C^. to 
give a campletB antibody heavy cbidn gene Imown as IgM. Subseqaendy a class 
switch takes plase v^^ lhc y^iii^ part » pk^i^^^^ another constant region 
that is located dowh^W^ of thSf^ cbnataii^te^^i^^ give IgD^IgO, IgA and IgE 
(coked fOT by the the vanbus C5^Ji:^tJ(^^l^ie& dowdstiwm of tiac gene 

ibr Cti. The toterve^e^banstant iS^pons are detensiS^ the pmocfe. A similar pincess 
tafees place in d» Ugta gene loci, fiwst the K tocos, and when to 
productive antibody in the 31 loons (fcr review^ see Rigewski, K,, Nataie 381, p751- 
758, 1996; for an extensive review, see the lexibook hnmnoolnology, Janeway. 
Tiavcrs, P., Walport* M., Capra- J, Canent Biology PuWicafions/Chmdiill 
Lrnngstene/Gatland PubEdung. fonitiH edWon, 1999» ISBN 0-8 1S3-3217-3). 



Camelids (camels, dromedary and llamas) contajn, uk addition to nonnal heavy and 
chain autibodics (2 light chadns and 2 heavy cl»in9 in oat andbody), single cfaaiD 
antibodies (containrog only heavy chains). These are coded for by a distinct set of VH 
segments referred to as VHH genes. Antigen binding for single chidn antibodies is 
25 different ftom that seen with conventional antibodies, but high aiEBnity is achieved the 
$aine way, i.e. throng hyponnutation of the variable region and selecdon of die cells 
oqnessing sach high affinity andbodies (affinity matmafion). The VH and VHH are 
interspersed in the genome (Le, they appear mixed in between each other). The 
identificafion of an identical D segment in a VH and VHH cDNA suggests the 
comjncHi use oftheD segment for VH and VHH. Natural VHH contaaning antibodies 
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are imssmg the eotite ChI domain of the constant re^ 
codhig fbrtlK ChI toaia is present in the geii^ 

afimctioDal apHce acceptor sequence atlhe S'adde of ^ CHlexon- Aa a lesuh the VDJ 
legiou is spliced onto fba Ch2 cxoa. When a VHH is lecombmed onto sucix constant 
5 regions (Ch2,Ci^) an antibody is F<>*»cedti« acts as a single 

antibodtjr of two heavy dtmns ^vithout a light chain infieiacdoa). Binding of an auti|^ 
is difierent from thai seen with a conventional antibody, but Hgh affinity is adu^ved 
the saaae way, through hypennutation of the vsjiable region and sdection of tiie 
cells expiessing sadh h^h afifint^ antibodies. 

10 The structure of isolated VH domains has been deteimined uang NMR. and X-ray 
crystallogr^hy lecbniqnes (SpincU et al, (1996). Nat Stmctmal biol. 3. 752). Data 

'M^ * . ' f;.i\ show ftifl* rmTrttmogtobu^iii^^Id is weU^resaved mC^0dyjiJR ^imitdia. Two 

f i.' > sJiects (one with fbur am^jone ivittijfivc beta-strapds)^^^ padi:;edVagainst each 

f(- ■ . other aild stabilised by a conee^ved inliai^ 

;^ , ^ 15 C92- Tbe side of the Mro^^^^iH domawi carrc^ndipg J^f VL inteiface of tfas 
iKHxaal VH in an Fv has a qoSe different arobitectiire. Compared to the hiiiiiaa VH, 
fburaoiino acid substitutions are locatedm tb£s regiosu 

Fxom a survey of all faLvman and moose VH antigea bindwg loop structures^ it is 
apparent that tbeie are only a restricted number of possible co?i&imations, Tbree and 

20 four diSecent confoxmations are described for the first and second azxdgen binding 
loop lesEpecdvely. These canonical structures are detcmiined by the length of the loop 
and the presence of pardcolar residues at positionsr The H3 loop is extremely 
variable in length and sequence (Wu et al (1993) Proteins: stmcture, jSmct and geneL, 
16, l\ Surprisingly, the and^ binding loop of camd VH domains deviate ftom the 

25 canonical loop de&udons of himian and mouse VHH domain^. This deviation could 
not be {»edicted as the loop length and the residues at fhe key portions ate very 
similar between eamdl VH and human VH. The additional canonical 1<^ structures in 
cemel VH domains make the structuzal r^rtoire of dieir paratope lat^ than that of 
VH domains in Fv firagments fiom conventiona] antibodies. Moreover, fhe 

30 bypervariable region aroimd die first andgen Undlng loop is enlar:^ compaied with 



hmm or mouse antibodies. It is thougjit tbat the extensUm of llw fest hypeivaiiable 
legioa and coocomitaatenlatged aitfieen binding surfece oompaiedtolhat of a VH is 
a conventional anfibo^ conq>ensates in part &r «ie absence of a Vl domain 
(Rkchmann, L. & Muirtaennans, S (1999). 231 25-38). 

A single doxnain wnidid VHH antibodfy as watt 

analysis than the larger heavy and light chain andbody moloooies also prowdes a 
smaU and efficient antigen laading unit. Such an antibody has many and varied 
therapeutic potential. In addition, it has been found that eamdid singiB chain 
antibodies can bind antigens which stfe inaccessible to antibodies posses^ng both 
heavy and Kght chaina. It is fliought tiiat tins ability is due to tiie piesence of a laa^e 
piotiuding tiiiid hypervaiiable loop of 10 amino acids or more winch can insert into 
cavities of antigen surfaces. Thi»^:^spe&i^yi,^gni^cant as ti^^^talytic site of an 
enzyme is often located at the lais^f^avity 6^ ptotemv^^^^ilMovv^ R. A 
(1996). Protein Science 5, 243%sSuch sitcs.aiie not nonnaUy; *t)tnunogemc for 
conventional antibodies (Novotny,;;^ (1986]> Proc Nat Acad S|i USA, 83. 226). In 
the stmcturc of the camel VHH cAhiysS, tb& 24 jesidne H3 loop penetrales deeply 
into the active silB of lyaozyme OTiansne, T. R ct al (1998) Prot: Structuie, Ponct and 
Genet. 32, 515), showing tibat Camel heavy chain antibodies bav^ 
Sp e^ jfp ^ f lir y nni inliifaatars- 

Recenfly* isolated Camelid VHH domains have been generated in bacteria 
(Riechmann. L et al. louma! of InunwjologiGal Mediods 231 (1999X 25-38). However 
bacterial expression systems hacwe the disadvantage that they do not peffoTO 
translaticmal modifications. Such modifications, in particular glyco^lation events, are 
crucial finr tiic effective functioning of antibodies, particularly in an in viva 
euvlfonment. 

In the same stady, flie genes fiar Caoiel VHH doniains were inserted into cocpression 
vec«»s and e?gffessed in Cos osLU to generate nmhi-domain proteins. In one example, 
an intact ^le heavy chain only antibody was generated by cloning a particulax camel 



VHH in ftont of the htogP and etSfectstf fijnctioD dcanaias of human IgGl - The 
exptession in Cos cdls has the edvamage over bacterial expression systems that post- 
translBtiorud modificadon cvcntt occur in 

fitufiog that these antibodies were fbUy active in atrtigcn binding. The DKA for the 
geotoalion of these constructs is generally isolated ftommaturs <ic those^ch have 
undergone affinity matwation) antibodies generated fiom B cells. Aldxrag^ these 
sin^e chain antibodies expressed in mammalian cells in an in vhro envittmmenl can 
tend to one or raure antigens, they cannot vmdergo the processes of class (isotype) 
switching and affimty mataration (hypeimutation). Thus the single chain antibodies 
expressed in Cos cells do notund<argo the process of antibody evolution as those 
naanally occnmng antibodies generated wiAln a mammal. It is ibis process of 
antibody evoludon which results in tiie production of specific antibodies vddch bind 
with high afiimty. Thus, there rc^k^ an^4%"the art for ame^j^a^owing ihe 
geoeiatLon of single chain VHH|i[^1>odies iri^iaammal such ffia^:^^ normal 
processes of aMbodyevoludon^^tatepLace^^ x iy: |v> 



In addition C^melid shigle chain anfibodies have also been selected and expressed 
..iq -Tig phage du^ilay technology. CRiechmann. L. &I>awies, S. J-BiomoL NMR, 6, 
141). Agank diou^ the antibody constructs ate seoeiated fiom nuoleic acid isolated 
from mature B calls or spleen, aiidihEiefbre as wi& die c^ 
expressed do notunder^ class switching and somatic hypermotaiioai (a£5mty 
matuxHtioQ) wfaidi is necessary for the production of qvecifie antibodies which band to 
their antigen with seledivily and Mgh afSnii^. 

The present inventors realised that if they coTjJd understand the mechanism by which 
camelid angle dbsxn antibody molecules evolve Gjy class-switching and affinity 
maturation) during early antibody development in B cells, then Ms system may be 
recreated m vivp. This would allowthe generaliou of vast quantities of an evolved 
single diain antibody for stractutal. ther^utic and di^nostic qiplicationa. 
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Summaiy of tb« Invention 

Anb'botfy moJcoiles vAdct compose both heavy and light chains switch classes during 
B-cell devdopment. Devdopng B cells in die bond mairow fir^t express membFaine 
bound IgM. Duni^ development secretory IgO is expressed, lathe case of antibodies 

5 possessing both Kght and heavy diains, a J re^on is recombined onto a C\i region to 
produce an IgM comprising VH, P and J regions. The IgM producing cell finther 
matures by switching to a difFerent heavy chain qonstant region to produce IgA. for 
example. The mechanism of rccoxnhinaiion involves a pseudo light chain whidi 
recombines with the VH part of IgM, the pseudo-li^t chain being present dming tlie 

10 early B cell lineage: 



The pEesent inv^ors realised that nndeistanding the mechanism by which single 
diam antibodies switdi classes andil^i^idcrgc^^lfl^ 

evolution) dgrifig pre B-cxdQ develo]^|nt wouMMbw a VHH lS^c:iJ§W^^ defined 
15 to be geoeraxedvrikcfa resulted b 'tH^.lifo^^ 
^ antibody which imdergoes a pxoce5^<^voluiioii*similar or the saxni^ad that of eaznedid 
antibodies produced in fbdr native eceviroiXDiesxt. 

Thus, in a first aspect the pzesent iirvexitioii provides a method for the production of a 
VHH singlg hegvy chain antibody in a mammat Gonrpdsing the step of expressing a 
20 he^ologous VHH heavy chain locos in that rnammal. 

Preferably the VHH heavy chain locus comprises: 

(a) at least one VHH region each comprising one VHH exon^ at least one D region 
each comprising one D exon and at lea^ one J region each conrpiising one J c^on^ 
\is1ieiein the VHH region, the D region and J rcgiou are capable of recombining 
25 to form VDJ coding sequence. 



(b)a constant heavy chain region comprising at least one Cy constant heavy chain 
and at least one constant heavy chain gene, and which when expressed 
does not express a functional CHI domain nor a fliiunianal CH4damaia, 
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and ^i^iidi locos when expressed is cs^able of fbiming a complete sang}e heavy chain 
IgG molecule (scJgO). 

In a fiirtter aspect^ the pre^eitt invention pro^ddes a method for th^ productiLon of a 
oamelised VH single heavy chain antibody in a manxcftal coxTquii^g the stsp of 
5 expressing a camelised VH heavy chain lo cos in ffiat mammal 

Ff^eraUy, the camdi^ed VH hsac^ chain locus ccmprises: 

(a) a VH reg^cm e^ch conqnising one VH exon v^dh is mutated such that the 
nucleic acid sequence is the same as a camelid VHH exon (a 'camelised VH 
axon*), a D xegjon oonvrismg one D exon and a J region compiismg one J exon, 

. 10 whmm the VH region, the D xegion. and the J re^on are capable of jecombiziing 
''^'5^' ' to*fi)nnVJ>Icodire'Scqu€3we,and ' ' 

(b) a constant heavy dUin xegion comi:Ki^g at leak one Cf consfcoit iii^Vy chain 
gene and at least one Cjx constant hea^fc^Eiain gene» and which whelf ^sqpressed 
does not expzes^ afimctional CHI domain'nor afuncticmal OEM dmnain* 



•cm 



15 and vAnch locus in^icn expressed is capable of fomzing a COTipl^ sis^e heacvy chain 
IgG molecule (scIgO). 

In a pieftned embodiment of this aspect of the invention, the locus oonqidsea Ode Or 
more FST (flp TCComHnadon target) sites Cixttp://www^b.atexus.oduX and two or 
more LoxP sites (^which consists of two ikattBen bp mverted repeats separated by an 
20 8bp asymmetric ^ac^ region) (Brian Sanes; Methods of Enzymology; 1993, Vol 222, 
890-900). Pzeferably, there are at least two lox sites in a locus accordfaig to the present 
invention. 



The presence of the FRT szto/s in the locus allows the production of single copy 
transgenics, whilst the presence of the Lox sites allows the ddedon of IgM and XgD 
25 heavy chain genes if required. 
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W095B3266 and CLi«rf»torCM>0<y)<>«ti« ISSC2): !09-«2UKi«mu«««I 
R^«^ 0*92): Ki«im»««.dM«»l5r.a»2)»'«i« 356. 154-1S«. 

and do« not «y Hgta dudn.. h«»y *rin «mwri« . 

Ce,,«dcd b, VHH. D »d J emw) and . Tta 

t«: on. CH2 donate a«l one CH3 ««oded » 

A VHH single Cham ««ibody B l«rtn ddIn»J do« nMpo»« af^^ 

CHI dom«n to eonW««l ««n«diea P«s«»= 

adnata rfthe US« vriudi a«o»us fcr to h^^r of fl« bc^ 
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aitfawAcs according to the presem in^^ 
cmveotional anttbtxiies. 

Theteim 'a camelised VH single hawy chamaflta»dy according to tiKptesent 
invortion means mantiTjw^ 

(generally two) and does not pomprise any Ught cb«ns. Each hcacvy chain comprises a 
variable legion (encoded by 'acamcKsed VM ewm/'s*, D and J won/s) and acoortant 
t^tt. Tlie constant region comprises at least one constant lag^ 
region gem comprises a amnber of constant icgLon ejcons, easto exon encoding a 
constant re^on CH domain. Generally, the constant region comprises two CB 
domains: one Ctt2 domain and one CH3 domain. A cameKsed VH single dudn 
antibody as herein defined does not possess a ftroctional GHl domain, in ad^tioa it 
^D|t^ a fimcdonal CH4 domain. It is the lack of a&n^p^ CHI dcmiain (wluch 
ii^ii^tioiial aniiboaies possesses fljc anchoring place constajif domain of . ^ ^^^^^ 
theligycbain)i)rfdchaccomitsfortheinahiUty ; 
15 aaanijingtothBpiwtiiw^^ . , 

antibodiies. 

In tlie oontert of the present invoition, 4e tenn Tm^^ 

inwn. as haftifl described wMcb is not endogenous to I tat m a mmal . That is in the 
case vdieie the mamxnal is a canadid ie a camel 01 a Bama, ihen fl» eaqpiearion is 
VHH locns wMdi is notnonnaUy fwmd wiflMtt a camel or nama «^ 
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A 'VHH heavy chain locus' accord5ng to «Ke prcseot isventton is comprised of a 
•VHH region* , a 'J region*, a 'D region' and a 'consttBt heavy chain region*. Bach 
VHH region conqmses one VHH cxon, eadi J region one 3 autu and eachD region 
one D exon, and each heavy chain constant region comprises one or mote heavy chain 
constant region genes. In addition eadi VHH region essentially does not comprise one 
or mote fimctioiial VH exons. 

A 'VHH exon/iegion' iatbe oonteKt of the present invention describes anamiaUy 
30 occurring VHH coding sequence such as those found in CameUds and any homologue. 
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derivative or fragment thereof as long as the resultant oconAeglcia «combme v^fc a D 
exon/iegiom a J exon/region and a constant h«ivy cteun region (vArich composes 
several exo^ts) accordingto Represent invention to generate a VHH ^ cham 
antibody b$ herein defined, when the nucleic add is expressed. 

A *camdiaed VH heavy chain locus* according to *c present invention is con^tised 
rfa^acwneliaedVHregion' asherdndcfined,a-Jiegion\a'I>regioa^ and a 
•constant teavy dida «sion\ Each camelised VH region comp^^^ 
VHexon,cach J region one J exon and each D region one Dcxon and each heavy 
constant region conqidses one or moreheavy chai^ 

A -camdised VH exonftegion' in the context of the present invention describes a 
iitt^^ccunii^VH coding sequel^ 

'■ ^ ^^le a hatt^ v^idihas been inmated such that ^^iiq^ence is th^ same as ' > 
ii«ttiAca«»Iidexon.AcanielisedV« 

indi^ vdliiin iteW any h*™dlogue, derivative or of the dcpn a* kmg as 

Ifae exonftegion can recombine with a D legion/exon, a J le^exon and a constant 
heavy diainrtgifln cMnqjdsing one or more «o^ 
genaate a cameBsed VH sfaigia diain aotfliody as hercm de^^ 

VHH and VH exona may be derived fimn Batncally occoning sot^ 

: ddUed in the art and dBseobed hec^ 



Likewise in fte coirtext of the piesent invenlionthctetms ^ 
incl^ie naturally oconring seqnencas of D and J exons vAich 
or other species of mammals. THe tenna D exon and J exon also include vdthin Aeir 
scope derivatives, homologues and fiagments thereof as the lesuhant exon can 
lecombine wiHiihe lemaining components of aheavy chain antibody locus as herein 
described (either camelised VH or VHH) to generate a single chain antibody as herdn 
described. D and J cxons/iegions be derived fiom naturally occurring sources or 
ihey may be synlhesised using niefliods femiliar to ihose skined 

described hci^bi. 
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In additiOT, a heavy chain antibody locus accomBiig to the presesK wwration (either 
VHH or camdised VH) coarprises a rep^^ 
polypeptide (a canst»rt heavy chsdn xegioa), 

5 

Each constant h^vy diEon legicfn cflsortially comprises at least one constant xegplon 
Iieavy chain gene which is Cy, so that generation of single chain IgG can occw. Each 
constant heavy chain gene oop^pdses one or more constant heavy chain exons which 
may be of Camelid or oon-Camelid origin taid are selected from the group consisting 
10 of C}i, CS, Oyi^. Cs and Cai,2. Preferably, at least one heavy chain cxinstant region 
ocosx in a heavy chain antibody locns according to the present invenrion is of hmnan» 
niottse or zabbit origin. Advastageonsly, at least one Cy heavy ch^dn exon is of hinnaa 

^ origin/ iiiviieii^i^^ 

0114 d^mal^!!^di aiept^^ in dual dbain axifflx>diea. Advan^edti^^ oifly one of 

^'■^'^ iiitbeoon^ncihexvydumregi ^^S:^'- 

A ^constant heavy chein r^on exon'' ('Ch esonO as herein defined i nc lu de s the 
sgqiiePCTg of natnrally oeciirxit]^ Ch exon^ such as those fonnd in ramftlirfs or humans 
20 or other mammals induding rabbits and mice. The term *Ch exon"" also includes within 
ita scope derivative^s^homolognes and jEragmeotsiha^ 

able to fbnn a functional single heavy chain amibody (compiising either regLms 
encoded by VHH exons or camelised VH exons) w bet^ defined inrfaen it is a 
c o mp o nent of a constant heavy diaitt region^ 

25 

Generally, Cn genes comprise tfaiee or foiir exons (Ch1-Ch4) thai encode different 
domains of each constant heavy chain polypeptide^ with generally two polypeptides 
constituting a single heavy chain antibody as herein described. However, as discussed 
previously, VHH and camelised VH single chain antibodies do not possess an 
30 fimctional CHI (containing the light chain domain anchoring region) or CH4. Thus, 
single heavy chain antibody loci according to the present invention possess one or 
more genes which do not express fcnjctional CH I or CH4 domains. This may occur by 
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mutarton. ddetion 5ubstitated or other treaftnent 4ie CHI and CH4 exons of tte 
cODsCant heavy region gene. 

la aprefcrmi embodixnent of the invention a ctom VHH locus comqirises at 
least cmeconstaot heavy otain gene vdieidntteimcleicw^^ and 
the CH4 domain is mutated, deleted or substimted or otherwise traated ao tot the 
constant heavy chain of expressed VHH single chaip antibodies as hcrtm defined does 
not coBtainafimctionid call domaiasmdaCm domain. 

For the avoidance of doubt. «ie term ' rabbit origia' or 'human origin* as rcfened to 
Bbove^ means flwt the aucleic add seqoeace of one or more exons conqjrising a heavy 
dam antibody locus, (either cameKsed VH or VHH) wxordhig to the present inwaUion 
'^f' ^ fa ie saic as OOB o^is iiatoral|y.occmiing tahhit or Human aiuihody^ cxon?^ • _ 
(toSaidlUinittenil^ | ; 

15 ^cicesoriwi»^»y^i^^^ ■ 
desodbedhoein. - •^'^t'^' • ■ - 

Each VHH or 'cameijsed VH re^* ctmqjrises one VHH cxott ^ 
eaoM* respectively. Each J legion and D icgiett oonqjri^ 
2fl respectively. PreferaWy. each heavy chain locus 

2, more than 3 » more than 4. note 4an S. more flwn 6 J and/or D legjons/eiawa. Most 
pw^araUy, a VHH locus or cameKsed VH locus according to Ite 
compnses the same mrniber of VHH exonsfte^ons and/or D eacana/regions and/or J 
CKans/cesjoDS as those found in a Camdid. 
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Advantageously, the method of this aspect of ihe present wwenJion is for the 
prodacticm of a single chain antibody by the ejqiressioa of a VHH Jwavy chain locus or 
camelised VH heavy chain locus comprisijig one ormore constant heavy chain cj^ons 
of hmnan. rabbit ormouse origin as herein defined. That is. preferably a single heavy 
chain antibody of the prase«it invention is generated by the expression of a hybrid 
camelid/bimian locus or B hybrid camclid/rabbit locus or a hybrid camelidtooose 
locus. In an especially prefened embodiment of tlus aspect of Hie invention, ^ mngle 
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heavy chain locw ^qfifessed accoxding to Ae method of the present invention 
comprises all VHH exozis of Camdid origin and all D, J and constant heavy chain 
region ^ons of faoman origin^ rabbit or zttouse origin. In a fbrther piefecred 
embocUment of tins aspect of the invetition, the single heavy dbain locus esqpressed 
5 accwding to the method of the i^resent ipveotion c<mpiises all camelised VH exons 
and all D« J and constant heavy chain r^iion exoDis of human orighi, or rabbit or mouse 
ongDL 

In aprefened «nbodim<»it$ of the above aspects of the invention^ the heavy chain 
lO locus ibrther coinprises one or more cassette sites enabling the direct cassetting of the 
locus fiom one vector to anodier, Advantag^usly, one or more cassette sices are 
located io the 5* leader sequence of the locus and/or the 3"* untranslated r^on of the 
'^"j^i locijii Prefembly, one or mpije cassette, sites are located in both the 5' leader seqnience 
^ # ■ of the locus and the 3 '^ untKmslatcd reppn of the locus. The durcct cassetting po^m^ 
for example^ movement of :^deic acid into abacterial expie^on vector for 1b^|^^,. 
V addition of tags, sigoals and the like. 

This ^qsroach of generating hybrid ^gle heavy chain antibodies as described above 
maybe of particnlar use in the generation of antibodies for human thexapoutic use as 
20 ofte^i the administration of antibodies to a species of vertebrate which is of di£feient 
origin fixan the source of the antibodies results in onset of an iTTwmn^- lesponse 
against those administeEEed antibodieSr Hybrid camelid/hnman single chain antibodies 
ate therefote potsndally less immunogenic than Candid single chain aixdbodies when 
administered to a human. 

25 

In the context of the ps:esentinvention» the same iiidudesmbstantiaQyd^ 
Snbstandally the same mean9 greater than 80% homologous, pxefiaably gieater than 
63%, 90%^ 95% homologous. More preferably gFeater than 96» 97 ^ 98% homologous. 
Mostpfeferablyi substantiaUy the same means that ifae mutated hiuzwVHtegi 
30 greats than 99% homologous vdib a Cami^d VHH 
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In a further asp^t. the preset inv^oa provides a VHH single heavy chain f^ho^ 
obtainable according to *e method the present iitvention vAierdn part of ihc 
antibody encodedby a VHH «con is encoded by an exoa of c«mdid origin and the 
remainder of the anlibjdy molecnJe is encoded by exons ofl^^ 

In yet ^ forther aspect, the present inyenliau provide* a VHH single he««y chain 
antibody obtainable accordiag to the method of the preset invention, wherein that part 
of the antibody encoded by a VHH exon is encoded by an exon of caipdid ori^ 
the constant heavy chain region is encodedby one or more exon/softabWt origin 

la a JSnther aspect stiU. the present invention provides a VHH single heavy chain 
antibpdy obtainable according to the method of the present invention ^ein that part 
Jt^bodynancod^ 

^SWh^bhainiegi^i^^c^byon^^^ 
jMbdyobtainabtelvttenieflkfeihBi*^ 

Advantageously, a cameUsed VH single heavy chain antibody according to thU a^ 
of ibe prescaa invention is entiWy encoded by exons of h»m^ 

In aibrthar piefeixcd enibodiment of this aspect of the mventioo. acaraelised VH 
single heavy chain antibody compiises aconstant heavy chaiuregion encodedby one 
or move eicon/s ofrabbit origin. 

In afurtherembodinieat still, a cameliaedVH single hca^ chain antibody according 
w> this a^ of the invention coioi^ a constaxtf heavy chain re^on enco^ 

or more eicon/s of mouse cai&a. 

Antibodies produced according to the melhod of the invention have &e 

advantage over those of Ac prior art hi that they undergo a process of dass s^ttiing 
whxchis sinnTar or the sanie as that of a shieJie dwinCam^ antibo^^ 
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,rtlbo«ei TedndquB wiU l« amffi" » «««« '""^ 
hernn. 

In yet a furiher aspect, ihe present invendon provides avector comprising a VHH 
hcarvy dhaiii locus ac«oidLt« to liw^ 

In ^ iurte «sp«t siffl. tiw present 
VHlcKvy chmn kMajs accordingto ttw pre^ 

i,«„aaH^buUn heavy ctain lcc«s a«r #CP«^ ^""^ 

tact«idatificiddm)moson»^ Advantagpoudy, ifce 

vectors arc coDSOTcted sQ that diiect cass^ 

Cham *dlibody locns as herdn defined into adiffiwtf 

emplethetev«elnoscrfbed<£)NAc^ 

be ^cassetted* into abw:ieriaL eKp««doavectt»raHov«DgiSirthe addiliDn of tag^ 
fii gnfti<t m epitopes and ibc fflfift. 

In yet a further aspect^ fte pixseat inventi^ 
VHH locus according to lite present iaventilon. 

In a fbrthet aspect still, the present invention pn^ddea a tiansg^ 

a heterologous VHH heavy chain locus according to the present invention. 

Inyet a&rther aspect, ihepiesent invention providesatransgem^ 
a camelised VH heavy chain locos acconiing to «ie presejrt invention. 
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fc the cmtfext of flie present illvOTt^o^^ the 

indudB within its scope a tiansgemc human. Prdetably a transgenic mazmnal 
acMtding to the present invention is smaller than a Camdid* Preferably It is selected 
fiom flie group consisting of: a mouse, ral, guinea-iag, hamster, monkey and rabbit- 
Advantageously, it is a mouse. 

Advantageously heavy chain loci widogenous to the transgenic animal arc deleted or 
silenced in a transgenic mannnal according to the present invention. Suitable 
techniques for the later are described in WOOO/26373 or W096/33266 and (U and 
Baker (2000) Genetics 156(2): 809-821; Kitamuia and Rajew^ (1^^); Kitamura 
and S^ewsky, (1992) Nsbnc 356^ 154-156). 

Antibody prodiiph^l cells may<l?e derived &onrtr|as^^^ anmals according to the 
pzescixt inventi^iiliul used |or exan^pte in;^e pip^iEation of hybridomas for the 
" pioductim of "^1?^ single 
ahflrnatively. ajj0\p acid sajuences may b? iso^^d ficwai mammals 
according to the present inveniiooa and used to pioduce single ch^in antibodies^ uamg 
xcconibiiiant DNA techniques v^cb axe &mitubrto those skiDediii the ait. 
Altenadveily or in addft^'*^^ specific single chain antibodies may be generated by 
ff|^fifi^TTiiging fi fTftn48gepi<p flinmal acccoc^dUng ID the present bivention. 

Ihus in afitrther aspect, Oe pteseitf invention provides amelfaod fbor the production of 
sroglfr diT"" fttitihndleg hy mrmuTiising a ttansgflMc mflmmal according to the present 
invevtdon with an antigen. 

In apxefened embodhnent of this aspect of the invcndon, ihe mfflrmial is a mouse. 

In the context of the present invention, the temi 'inmmnising^ a maniznal means 
adxnimstering to a transgenic mammal of the pi e sen t inventum an antigen $udi that an 
immune response is elided against thai antigen* Suitable methods for the 
immunisation of mammals will be familiar to those skilled in the art and are described 
herein. Suitable antigens may be naturally occuning or synthedc. Naturally occucting 



17 



antigens indude ptotdxis which may be for example en^ or co&ctois, peptides 
m Ducleit add molecnilcs. One sldUed in fl» art vriU appi«ri^rtc that this list is not 
inttadedtD he eschausdve» 

In a ferther aspect the pre sent invention pr<mdes the use of a siu^e heavy cJuuH 
antibody as henan described as an intracdhilar Wnding reagent 

I,^ a fafl«r aspect. Ac present invoition pio^ 
according to fte present inttfentira as an enzyme inhiWw^ 

In a feiAcr aspect stiU, the present invention pio^d^ 
obtainablehyflieinetbDdoftixepn««rtin^<»fe^ 




lociis a*^^sbfaIlg to tfaepfesentinwniloiviiiie pMphytois or treatment of disease. 



Ddtnitions 

•A gene^ comprises one or more exons oodhig for a conq^lete mRN A. An 'antibody 
gene' comprises V,D.Jexonsv*irfinxombinBtofiHiaaV^ 
whidithenftiriheriecombi»e vnih a constant heavy chafe tei^oncotoprimog one or 
mote constant heavy chain exons. There are many snb-gtaqM of V, D J and C exons. 
One particular Y region has one exon, one D ieg?<m has one exoo. one J w^an has one 
«con and one C region has s^eral exons- Together «ifly finm a oompteie after 
K«:mibin^on when one V «can. one D eicon. one J exon and one C nffco. have been 

selected. 

*Exon' jmd 'intron'. An Exon is a coding or messenger sequence of 
deoxynttcleotldes- -mat is. it is any sequence of DMA ineukaryotes that vdll be 
ultimately expressed ui mature mRN A or i«NA moleeuics- Exons are conmionly 
interspersed with intions. Inirons are non-coding DNA sequences. Thai is liusy are 
DNA sequences iwM«di are not ultimately expressed uj a mature KNA molecule. 
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Irfrcms a*espUcc=d oat from w^Aytraiis^^ 
mRNA, 

. A *VHfl henTy chau. locus' according to ihc pte«aitiirv«flion Ucon^^ 
•VHH region', a «gioB/«««i',- a *D legian/exon' and a «coDSta«th«ivy 6haia 
rt^on'.EadiVHH region comprises one VHH won. each Jtcgionone Jesconwid 
each D xegian one D «Pcon and each Heavy chain consUait le^on comprises one « 
more heavy chwn constant region exons. 

A ^VHH tmnir^n' in fbe coated of fiie present inventiiMi describes a Miurally 

Cccuirix*VHHcodin5sequepccs«diastlK>seft^ 

d««th^. or fiagmert thereof as long as ihs issu^ 

VHH x4i4' as Iw^^^fin^ iccdifi i^^^^ least one D region, at least one J 
to g«i^VHHsi4Vd«taaBtiB^y#Sfc«^ 



A -camdised Vft heavy diata l«eus» acxKinling to fl* 

of caw oTBiore 'camdised VHtcgton/s' as herdu defined, om or mote -J iegion/s% 
oneormoie-Dreeioi^s' ai«ia«canstaml««vdJ^ni«g^^ 
regiou comFises one camelised VH ««in, eaefe J region o^ 

o,:eD exonand eachheavy chain constartTeeiofl«^ 

coDSissd legion genes. 

A *ean»elbed VH exon/r^W in the c<«itect of the present inveiition describes a 
iwturallyocpatringVH coding sequence derive 

for exaii5,te a hvmisn wMcb has been iMutated sudi ^ the seqpence fa the ^ 
Ihfli of aCamelid exon, A oameliscd VH exon according to the present favendan also 
iacludfisvdthin its scope aay homologue, derivative orfingment of the«onasIangas 
the resultant «concan,^ac*«stit«entofacamclisedVHregi^ 
combine vrifliatlea^oneD region, one Jyegion and one oonstsnt heavy chain 
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xegioia according to fte present inventi on to geaaale a eanwlised VH single chain 
aniibocfy as herein defined. 

A 'constant heavy chain region «ton» CC3h as hstean defined indudes the 
sequences of naturally occunang Ch exons such as those found in canielids or humans 
or other mammals including rabbits and mice. The term *C« exon' also includes within 
its scope derivatives, horoologoes and fiagments hereof in so fet as the Ch exonis 
able to fonn a fcnctional single heavy diain antibody as herein defined vAsa it is ft 
component of a constant heavy chain region. OencraUy, Ch wcons are of fonr different 
types (CnI*Qi4) thai encode difiGstent portions (domains) of each constant heavy chain 
polypeptide. However, VHH and cwnelisedVH single chahi antibodies according to 
^presentinveiifiMj do notpossBss a functional CHI doinaia(contaniinetheEght 
chain domain aiktK|cii>$ to^^not do ftey|)d^,^&notional CH4 domain, Th«e 
we a pmnher of^ifa^upsf 9©^^ hcffi^ cj^isgion scons- Diffeent antibody 
^classes possess d^ent CH earens for insianc^ Ji^inoleoules possess one < 
Cjjt consiant legi^eieans and IgG molecules jib^^ one or Cy tassms. 



lomiore 



The tenn a <VHH single heavy chafti antibody' accorcBns to the present inveudon 
means an antibody molecule which is conxposed only of heavy ehaus (generally two) 
and does not comprise any agbt chains. Each heavy ch^ canqaises a variable region 
(encoded by VHH, P and J exons) and a constant region. The constant region fiiriher 
comprises a number of CH domains eaawided by constant heavy region exom, 
generally it conqjrises two: one CH2 domain and one CH3 domain. A VEIH single 
chain antibody as he*ein defined docs not possess a functional CHI domain isqc a 
fhnetional CH4 dom^. It is the lack of a fimctional CHI domain (which in 
couveiitional antibodies possesses Ac anchoring place for &e constant domain of die 
light drain) which accounts fiir the inability of the heavy chain antibodies according to 
the pieseait mvaxdon to associate with chauis to foim oonventioiial antibodies. 
The sob-^dass of airtibodies known as scIgG2 and/or scIgG3 comprise only Cfi. and/or 
Cy3 genes. 
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The tenn camelised VH single htxvy chain antibody^ accoidmg to the present 
jnvendon zneans an dxtdbody molecule which is comiK>sed only of heavy chaiDis 
(generally two) and does not coxzqpnse any light chains. Each heavy chain comprises a 
vadable region (encoded by 'a camdised VH exon% D and J exon/s) and a constant 
rog^on. The constant i^on encoded fay constant region exons finth^ encodes a 
number of CH dcnsam^. generally it conipnses two: <me CH2 domafai and one CHS 
domain. A camelised VH single chain antibody as herein defined does not possess a 
functional GHl domain Or a functicmal CH4 domain. It is the lack of a fbneticnal CHI 
domain (which in conventional antibodies possesses the anchoring place for the 
constant domain of the light chain) vrhich accounts for the inabili^ of ifae heavy chain 
antibodies according to ihe present invention to associate with light chains to form 
conventioiud antibodies. 

'Antibodies' as u^d hf^f^, i«fe8:s to^tibodies.^t^^ £ragmeints capable of 

binding to a selected t^f^ ^d incites mcnaoclQtial a|^potydonal antibodies^ 
engineored antibodies mpludmg chiinericv CDR-grajEtQ^.,|aid humanised antibodies, and 
artiiiciaUy selected antibodies produced using phage display or alternative techniques. 
Small antibody fiagments possess advantageous properties for diagnostic and 
therapeutic applications on account of their small size and consequent su2>eriQrtis;sue 
distrifavtion- 

'Antibody ev<rfiition' describes the process of class swrtching and a£Snily matmaiion 
(somatic hypennucation) which occurs during antibody developmoit and wfaioh results 
in tlie generation of antibodies which bind selectively and with afiSnity. 

Brief Dcscriptfott of the figures. 

Figure 1: Shows a preferred sii^gle diain antibody locus accordiQg to the present 
invendon. 

Detailed description of Invention 
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Unless defined oiiiBrwis^aH technical and sdeotific tmns uscdherdn have tihc same 
meaning as commonly understood by one of ordinary ^SdH in the art (eg., in cell 
culture, moleeolar gem^cs, nndeic acid chemlstryp hylffidisalion te c hrnq nes and 
biochfimistiy). Standard techniqties are used for molecular, genetic and biochemical 
methods (see generally, Sambrook et al,. Molecular Cloning: A Laboratory Manoal, 2d 
ei (1989) Cold Spring Harbor Laboratory Press, Cold Spiing Harbor, N. Y, and 

Ansnbel et al.. Short Protocols in Moleculat Biology (1999) 4* Ed, John Wiley & 
Sons, Inc. vMct are incoxpozated lia:ein by reference) and chemical methods. In 
addition Harlow & Lana, A Laboratory Manual Cold Spring Harboar. N.Y, ia refcired 
to for stradacd t r mmiuo logical Techniques, 




hetertklogous VHH heavy chStn iocus in that 

Ih a fbrtfacr aspect. The present inventioii provides a method for the productson of a 
camelised VH single heavy chain 3ndbody in a mammal comprisixis the step of 
expressing a camelised VH heavy chain locus in that mamma l. 

Details of the locu& construction is detailed m the summary of the invention. 

Advantageou^y^ a locus of the invention comprises one or more FRT (flp 
recombmadoii target) sites (http://www.eab,utexus.edu), and two or more I^xP sitea 
(which consists of two thirteen bp niverted repeats separated by an 8bp asymmetric 
spacer region (Brian Sauer, Methods of Enzymolcgy; 1993, Vol 225, 890-900). 

Preferably, there are at least two loxP sites m a locus according to the present 
invention. The prtssence of the FRT site/s in the locus allows the production of single 
copy transgcmcs> whilst the presence of the Lox rites allows the deletion of and 
IgD heavy chain g^nesif reqoiied. 
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fAWettors 

The present Inventioa also pfto^des vectors including a construct of ihe present 
invention. Essentially tvro lypcs of vectOTS are provided^ replicati<Mi vectcos end 
transfozmation vectors. 

5 mReplicfltion vectors 

Constnict^ of the ixiveation can be iacoipomied into a leccnnbinaiit repKcable vector 
such as a B AC vector. The vector may be used to r^l icate the construct in a 
compatible host cell, llius, in a furtho: embodiment, the ii^ 

of making constructs of fiie invention by introducing a construct of tiie Invention into a 
10 repKcaMc vector, introdudnB the vegior^uitQ a c^xnpatible host cell, and growings the 

host cdl under conditions \tfbich bi^g about replicaticn of the cbiisth&t. Tlie construct 

■ ■ ■ -*'}^- • ■■ s^' ■ J'^'^^^^'^- , 

may be recovered fiom Ihe lost celL : Suitable host ceils include bacfeiia such asjE 

' coil, yeasty manunaUan cell linw ari^i o^^ a±snydtic cell lines, fc* !^$:ample insebt 

Sf9 pells (baculovirus). ;m?>: 

The constructs of the present invaaiion may also be incoiporated into a vector c^nble 
of inserting the oonstmctinto a recipient genome and thus achieving transroimafion. 
In adi^on to the construct of liie jMceswit invcmicHi snch transfotmation vectors may 
include one or more of the following C(m^>Qiieiits. 

20 PrpmotCTS 

The pxomoto' is typically selected from promoters irfiich are functional in mammalian 
cells, although prokaiyotic promoters andprmnoters fimcuonal in other eukaryotic 
cells may be used. The promoter is typically derived from promotea: sequences of viral 
or eukaryotic gen$s. For example, it may be a promoter derived ftom the genome of a 
25 cell in which expression is to occur. With respect to eukaryotic promoters^ they may be 
promoters Hbst function in a ubiquitous manner (such as promoters of alpha-actin, beta- 
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actui> tubulin) or, alternatively, a tissuc-^pedfic manner (such as promoters of 
imnumoglobulin genes). They may also be promotets that respond to ^edfic stimuli, 
for exanq>le promoters that bind steroid faQimone receptors. Viral pxomoters may also 
be used, for <snmple the Moloney nxuiine leukaemia viioa long terminal repeat 
(MMLV LTR) promoter, Ihc Rous sarooma vims (RSV) LTRjMomotcr or the human 
cytomegalovirus (CMV) IE promoter, ft may also be advantageous for ihe promoters 
to be inducible so that the lev^ dfexpression of the hetierologous gene can be 
regulated during the life-time of the cell, Induoble means thatthe levds of eaqjresaon 
obtained using the promoter can be r^ulated. 

In addition, any of these i»omoteis may be modified hy the addHiori of fiirOicr 
regulatory sequences, for example enhancer sequences. Hwue-specific enhancers 
capable of regulating cxpiressiott in 3OT§l^dy-iff^^ axe j^refecred. 

particiiiar, the heavy-chain cnhance^^r^<Ji^^ f^l!?^*= successful acji;^on of Ac 
antibody gene locus in vivo (Scrwe;, Sabli^ F., EMBO Jf. t^Jia321.2321, 

1993) may be included. Locus ^'l&rol regi'otis (LCRs), p^cularly the 
immunoglobulin LCR, may also be Chimeric promoteis may ^o be used 

oorc^rising sequence elements from two or more di^rent promoters. 

Other Ve yt^ C^iyrponents 

In ad^on to a ptomoier and the construct, vectors of the present invration preferably 
contain other elements weful for optihrnal firactiomng of the vector m the mammal into 
which the vector is inserted. These elements are well known to those of ordinary skill 
in the art, and are described, for example in Sambrook et al^ Molecular Cloning: A 
Laboratory Manual Cold Spring Harbor Labocatoiy Press, 1989. 

Constmctlon of Vectors 

Vectors tjsed for transforming mammalian embryos arc constructed usmg methods 
wen knovm in the art, including, without Hmxtation, the standard techniques of 
restticdon. endonuclease digestiozi, ligation, plasmid and DNA and ENA pmxBcatioii, 
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DNA sequencing, and the like as desciibedl. for example in Sambtook, Fritsch, and 
MBuiatis, eds^ Molecnilar aoning: A LabonitMy Manual., (Cold Spring Haibot 
Laboratciiy Press, Cold Spibig Harbor, N-Y. [19893). ^ ge«w«l, vecior ooastrucdon 
•will include tiie following Sbsps: 

a) The eudogenoiis mouse locus is inactivated, for example u^ng one of Ac puUidied 
knockoutprocedmcs (eg. Kitamara, D and RajewskiK., Nature 352, pl54-156> 1992). 

b) The DJ and IgM xegion of a suitable heavy ejjainregiott as hecdxa described fe 
localised es a iccombiaarct DNA fiom a hmam P AC, BAG or YAC library and ckmed 
as a restriction en2yme ftagmcnt, for instance a Sail ftagmaai. Has legjon also 
contains the heaivy cham aohancer required for fte successfbl acthraiioa of the 
antibody g^e locus in vivo (see Serwe. NL, Saptzfcy, F-i EvCBO J, 12» p232l-2321, 

c) A number of VHH or 'camdiscd VH exo|i9^3B« first cioaed as cosndds tkit^g^ the 
constxuctton of a suitable genomic DNA librar^ by ccHiventi™al techniques. Since the 
VHH exons are located among VH exons as hfiieih described they are subsequently 
cloned along wdthihe VHH exons . Thus an airay of VH and VHH cxons is niad^ 

TTiis Bnay of genes can be isolated as aMhal (cu: other restrictiott enzyme) ftagmenL 

d) The 3* binnanimnranogjlobulin heavy diaiaLCR, a regolaroay lej^onrcquiicd for 
the eaqjwssitm of the locw, is cloned as an Scel restdction fiagmemt 

e) The constant legion heavy chahi exons are cloned as a separatB restriction ftagment. 
Tbs ChI and/or Ch4 domains encoded by iheir respective exons are rendered non- 
functioOTl fay homologoos reccanbinadon in bacteria (iniam et aL, 2000) by removing 
•the splice acceptor sttjuences of the CrI exon and/or Ch4 exon (Nguyen et al., iWd,). 

Steps b-e provide the pieces for a 'VHHheavy chain loons' or *a cameiiscd VH heavy 
chain locus* (FigJ) *iat should take over the function of the inactivated mouse locus 
(iesccibed urtdec a). TTiese loci are constracied by cloning each of liie ftagments in tiie 

^lopriate order ioto a suittble vector fercx^ 
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legioo with all of ihe lestricfion sites described above (Kg-l). Loci created accoxding 
to tt»e melhod of present inveadon ant gpocralty in the order of 200-250kB in size. 
Thfiy can be isolated and purified away ftom *e vector by staadard laboratory 
techniques wWch wfll be flnailiar to ihose sidllfid in tiie art The purified nucleic wad 
encoding the *VHH heavy chain locos' or 'a camelised VH heavy chain locus' 
according to the present invmtion (tig. 3) maybe spbsequenHy introduced bto 
fertilised mouse eggs derived from the knock-out mice described in a) by standard 
tedmiqnes to obtain transgenic nrioe esqmssing one or marc low accoxdisQ to ftc 
present hnrention. 

Si mf;le ehaljii antibodies according t o the ttnaqit inventiop 

ftffl^ be mdeistood Oat term 'a single heavy chain ^|<^' ^ 

iccoidjni to ihe present invention also include ^?^logousi)(^T)eptide atid 
4^1de add scqiiences obtained flxan any soun^ 

hiliologuev, homologiics ftom a/tjaer spedes and >R!n^ or deriva^ra ftcfaot 

.■'c'j . . ' . : 

.Br-' ■ ' 

Thus, the present mvcoiion enoonqwsses variant?, homolo^ 

single biw <*«n andbodies and VHH heavy chain lod aaher^ 

Id the context of the piesent invention, a homologous seqpjoncc is taken to mchide an 
anuDD acid sequence vshi* is at least 80, 85, 90. 95. 9$. 97. 98, 99. 99^. 99.6. 99.^, 
99.8, 99.9% identical, preferably at least 98 or 99% idenflcal at the amino acid level 
over at least 30, preferably 50, 70, 90'or 100 aininD acids. Although homology can also 
be coDsidertd intertna of aroilarity (Le. mmoo «ad residues having amllar chemical 
propertiestfiinctions), in the conteixt of flie present inveotion it is preferred to eoqiress 
homology in terms of seqaoice identity. 

Homology comparisons can be conducted by eye, or more usually, with the aid of 
leadil^ available sequence comparison programs. These commeidally available 
con4)aifir programs can calcuIate%hoatology between tvvo or tnora seq^ 
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% h(ffliDlogy w be calculated <wx conti^ 
vflflifteolhffsequenoe and eaeli amino aaamo^ 
c Mresp(Hidiiig amino add m the ofto: se^ 
»*ungapped''aUgflmenLTypically,sucliTme3K)edaU 

AlftDUghftisis a v«y staple and consistent method, it fails to take iito «>osidenrtion 
that, fer example, in an otherwise ideolical pair of sequences, one insertion or dcledott 
wiHcaosethefeDovringsminoaddie^diiestobeputouto 
i«ahinginal8iBPteduotionin%horm)lcgy>;to 

CoDsequenfly, n»st aoqacnce coroparisonmefhoda ate desagiKsd to produce optimal 
aUgam^ ftat tafce into con»deiaiion possiWe insertions and ddetions wiibout 

""■<f. ' ^^j"-/;* ■ ■ ■ ■' 

Hcwni^inonieoBiidexnielh^ . 

the aligninmt sofbat. fclfae saiwiainiber of id 

aHgoDMnt as few g3is a$ possible - tcfl^^ 

ctmismsd sequBOces - vwU acMw 

costsTiKiypicaByusedfiiatchar^ftielaiivebr 

smaller penally fir each subsequ^ 

gsip scoring i^stan. IBgh gap penalties Witt of 

finrarg^ Most alignnttotprogi™ allowlte gpp peoato 

isprefenedtouscthedefeuftvahjeawhcnu^ 

For cmple vvfaen vuritag fee OCG WscOT 

penalty for amino acid sequence is 42 for a 

Calculation of maximum % bomoloiy tiwre&re fesfly tequiies the prodoctiim of an 
optimal alignment, taldng into consldoation gpp penalties. A sniteWe computer piogram 
for canymg oirt such an aiigmnertt is the QCG Wisconsin Best& pad:^^ 
Wisconsin. U.S A.; Dcvereux er oL, 1984, Nucleic Acids Reseaich 12:387). Exan^ks 
olher softwaie lhaa can perform sequent 
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thfc BLAST package (see Ausubel aL, 1 999 ibid - Chapter 1 8^ FASTA (AtecSjul 
Ql, 1990> J. MbL BioU 403-410} and the GENEWORKS sidte of coxnpanson took. 
BothBOLAST and FASTA are available for ofEline and ozJine searcfamg (see Ausubel 
e/fl/., 1999 ibtd^ pages 7-58 to 7-60), However it is prefero^d to the <3CG Bertfit 
pcogcaixL 

Allfao^^fhe final % homology can be measured in teccns of identity, the alignment 
process iteelf is lypieally not based on an all-or-notlmig pair comparison. Instead^ a 
scaled similaxi^ score matrix is geiietallyiised that assigns scores to 
oompanson based <ni diemicaj sitmlaiity or evolutionazy dtsfance* An example of such 
a matrix commcoi^ used is the B LOSUM62 matdx - the de&3alt matrix for the BLAST 
suite of programs, OC^ ^scpnsni programs generally use either the public default 
v^xie$ or a custohi symbol comparison table if siqppliled (see Tiser xpariyaldEbr fimber 
details). It is pir^if^ured to use the public default values for the GCG p^age^ or in the . 
case of oikcr sgftwax, the de&alt matrix^ sudb as BLOSUM62. 

Once the softwiaoce has produced an optimal alignment, it is possible to calculate % 
homology^ preferably % sequence identity^ The software typically docs this as part of 
the sequence comparison and graerates axnimericalicsutt. 

Methods for flie nrodnction of single chain anfibodies according to the prcsmt 
faivcniioii 

CA^ Transftenic animals 

Tb^ loci and vectors of the jBcsent incventicm be mtroduced into an aninciai to 
produce a transgenic animal. Thus^ the present invention also provides a transgenic 
animal hinlndins a consbuct described beirein. 

Inserting llic loci into the genionue of a re(npient ammal may be achieved u^g any 
technique apparent to those skilled in ib& ert, for example^ microinjection. Follovdng 
introduction of mideic acid into a fertilised egg, reimplantation is accompU^ed using 
standard methods which will be feiniKaT to those skilled in the art Usually^ the 
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.gate host « adaesMsed, ««l eggs a« toscrt^ 
ofeggsin,pW-^tc>apartic«larho»*^vary,but^U«^lyb^ 



number oi 

c^beb«:rtcdintoah<^ embryo to derive 

In ^fbrth^enax>dimeatlheDNAcanbefflte>d«*dinto 

cells are vsed to replace the nucleus of a ferdlUed egg vrtuch i«y be of any spec.es to 
give rise to trmsg^nc aniiaals. Thi. techmque of nudear ir.i«fer is femffiar to Aoso 
skilled in Ibe art 

Noifl«»manaly«s.«ii^ainobetI,atisc^ . 
«^eeae.Westembli^e«i^ysis^galisandspec^^ 

tb^transgenemay b^employed asUalt.n^tiv=«additioi«iineMfi«,^*c««im»g. 
Xypically.the tis^ orcdU beUevcdto e^ss the tr^nsgene atfte lufib^tlcvel. ^ 
tested, alitott^ any tissi«s or ceU types »ay be i^ed for «^ 

Progeny of the t^nsgenic maimnals W be obtained by «aling*c1iansge«ic 
,,,a^wiihasaitaMepartaef,orbyim vitro fet^ 
obtained fiom *e t«i»semc niaimnal. Wbete in vi to 

fertilised embryo iii^bein^la^^ 

Whete mating is «ed k> produce twnsgcmc progeay. *e transgenic maminal may be 
tedccrossed to a part«tal lir», eith« -eliiod, the progeny may be evaluated for 
Ihe presence of A* trsnsgpue osing nietliods described above, or ofliec ^ropnate 
methods. 

The ammal may be vaded piovided it is a marnmal. Preferably, the aniuial is a non- 
h^„«nnnalsu«ib« a rodent aiwl even moie prefer^ In this 

«gard. it is also prefered ifaHt the xecipieat ammal is ino^^ble of prodacmg 
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p«i4i>0(^jftie that include light dhains or at the very Iwst has a reduced capax^ity to 
pioduce such antibodies. To achieve tins end the recipient animal may be a "knock 
ouT iWTTiial that is capable of insmng one or more of the genes lequiied for ti» 
ptoduction of antibodies with light dbsms tamed off or suj^essed. 

By using irecipieixt animals hic^sable of produd^g antibodies that inchtde light diains 
or at the very least with only a reduced capacity to prodoce $uch antibodies, the 
medKKl of the pxaseott invemum enables the efficient jsoducdon of large quantities of 
sin^e chaiii antibodies and antibody producfaig cells fiom a tcaasgenic animal 
according to the pxesent invendon upon challenge vnAi a giiven ant^ei^ 

fft) displav technologg 

Vectors forpib^ display fose the encoded polypeptide to» e.g,j the gene nl protein 
(pJH) or gene 'Vinirrotem (pVSI) for di^lay on the sur&ce of filamenWiis phage^ --^ 
8udi ssM13. Rht^^m gf flif - Pha pg Display: A La boTatorv Manual. Cold Spring 
Haibor Lrfjoretoor !^ (2001) (ISBN 0-87969-546-3); Kay er (cds.), Jbsge ^ 
Dimlgy of pigifidea and P -TftrilTf: A Ifl^ff"*"^ Marmay San Diego: Academe IPiess, 
ino, 1996; Abelson ef aL (eds.), Combinatorial Caiomslnr^ Me&ods in Bazymoloey 
voL 267, Academic Rress (May 1996). 

ProkaxTolic hose ere particularly xtseiM. fiar producing phage di^Iayeid antibodies of 
the prasent invcntion.'nie tedmology of pbage^di^iikyed antfluidi^ in 'ffdiidi antibody 
variable re^onft^inenis arefused,forexani{ae,lDliic8Pae]npra 

by mw wcU-estaUished, Sidliu^ CWr. BiotvAnaL ll(6):6ia^ (2000); GiifiBtbs 

Cwr. apln. BiatechnoL 9(l):10i-8 (1998); Hoogeriboom ataL, 
Jhanufuaechnohgy, 4(l):l-20 (1998); IJader «£, C«rrsnf Ojifnaw fri JSlotedmdlogy 
8:503-508 (1997); Aujame Human Ant&odies 8:155-168 (1997); Hoogenboom, 
Trends in Biatecfmol. 15:62-70 (1997); de Krutf a/., 17:453-455 (1996); Barbas «r 
fli, Tremfc Biotechnol 14:230-234 (1996); Winwx al,Am. Rgv. hnnamol 433- 
455 (1994), and techniques and protocols lequifed to gwcrate, pr&pagate, screen (pan), 
and use -One antibody fi»gment$ from such libraries have recently been cMopiled, 
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Fi.n.i. rf nf nur "firlrr ^ y^*^o^^M^ColdSTmngHari>or Laboratory 

Press (2001) aSBN 0^7969-546-3); K^yetaL (eds.).EhsgESfe^S£^£2§E&d^^ 
r^.^,^ A T,K.r^orvMaau^ AcadenricPress.lpc.0996);AbdsC^er^. (eds.), 

r„^Mn.tnri«lChennstrv. M0ii«Hb in Enzymotogy vol. 267, Acad«mcPress (May 
1996),flie^lo5d£es afwWcha«incoiporBt«dl»«dnbyreferc.««inthd^ 

For ihc phage display of antibodies as herein .tescribed incbdmg fragments th«ooft 
iidvaixtag^ously. fi><ey a« fused to the phage g3p TJtotrai. 

fC^hyfaidoanas 

RecombinairtnNA teWogy may boused to produce single dima antibodies, 
accoidingto^preaart invi^itioii udng an established procedure, in bacterial or 
j^I^^,^ aic^ The sdectedceU cukore sy=?e^3«efcrdriy «^ 
tfiesinfel^SS=t antibody product. v f 'V 



Miitiplic^oi of hybridoma cdls or mahnnaliaB host odls in vfM is earned ciut in 
.stable culture inedia, vrtniA arc die enstorn^ 

Dolbecco's Modified Eagle Medinm (DMEM) or RPME 1640 medium, optionally 
replemshed by a inam»u^ seniai. e.g. foeJal calf «^ 
gro^ s«staimr«5UK»lem«its, e.g. f«dercdls such as lumnal moiae peritoneal 
exudate cella, spleen cdls.bai»n»nowmacr«iphage5,2-amh«^^ insulin, 
transferrin, low den5ftyUpoprat^oleicadd.orlte^^ Multiplication of boat cells 
which BIO b^tciial cells or yeast cells is likewise carried otrl in Bidt^ 
kno^m1heart,forexairq>leforbact«riainmediumI3.NZCYM,l^ 
Terrific Btxjth, SOB, SOC, 2 x YT. or M9 N&Anal Medium, and for yeast in medium 
YPD, YEPD. ^BHiInal Medium, or Conq>lete Minimal Diopont Misdlmn- 

fa vitro prod-clSon provides relatively pure hmmmoBlobulin prepar^ons and aUows 
scale-up to pve large amounts of Ihe desired immunoglobulins. Techniques for 
bacterial eeO, yeast w mammaUan cdl cultivation are known in the art and include 
homogeneous suspension culture, e.g. in an airlift reactor or in a condnuoua stirrer 
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reactor, or immobilised or enbn^pcd cell cutture^ e.g. in hollow fibies, microcap^es, 
qol agarose microbeads or cezamic cartridges. 

Large qu^ties of the de$x^ immono^oboliiis can also be obtained by multiplying 
5 mammalian cells iiL vivo. For ibis purpose»hybridoma cells producing t^^ 

idtununciglobuIiiidE ate iiy ected into histocompatible mammals to cause growth, of 
antibody-piod:iicing tum0C2E& OptiODally, the ammals are {nimed with a hydrocaibon, 
especially mineral oils sucb as pxistane (tdramefhyl-pencadecane), prior to the 
iigection. Afisr one to three weeks, the.imznxmoglobulins are isolated from the body 
1 0 fluids of those mammals. For example, hybridoma cells obtained by fusion of suitable 
myeloma ceils vdtfa antibody'^^ducing sfpleen cells iiom B^lfa/c mice, or tcausfected 
oells derived £xxn Ii:^ndoma cell line Sp2/0 that produce the desired antibodies are 
• ^ izijected biXi^Gntq^^^ into Ba||)/c mice optionally pre-treated wth. pnsi^e, and, s 
• after one to tvynp ascitic jBnjid is taken finom the azmnalSr .} ^ , . 

15 -■ *• •■ . . 

u. v> : foregomg, andlother, tecbnigues are discussed in, for eacampl^ Kohjer and 

Mflstem, (1975) Nature 256:495-497; US 4376,1 10; Harlow and Lane, Antthcdies: a 
Laboxatofy Manuals (1988) Cold Spring Harbor, incorporated herein by xe&acence. 
Techniques fiir the preparation of recombinant antibody molecules is desczibed in the 
20 above refoences and also in« fi)r exanqple;, EP 0623679; EP 0368684 and EP 0436597» 
which are incosporaced faearefai ^ 

The cell cutluje satpemaiants are screened for ttie desured antibodies, prefinenOally by 
imnmnoflnorescent staining of cells expressing the desired target by hnmunoblotcine, 
25 by an enzyme immnnoas^ay, e^. a sandwich assay ot a dot-assay, or a 
radioimmnnoassay. 

For isolation of the antibo<£es, those present in the outtore supematants or in tiie ascidc 
fluid may be concentrated, e.g. by precipitatian with ammoniuro sulphate, dialysis 
30 against bygroscopic material such as polyethylene glycol, filtration through selective 
m/anbranes, or the li ke. If necessary and/or desired, the antibodies axe pmifi»] by the 
customary cfaromatogmphy methods, for example gel fihxadon, ion-exchange 
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rhTomfltogrgphy, chtMoatc^r^y over DEAE^celhilcse and/or ^bxununo-)af5nity 
dhromatogr^iy^ ^g. afSxuty dxromatograpfay wcih Ibe ta;^ molecule or with 
Piatein-A. 

5 (3^ TTiM^iimsalion of atransffcnic mmal 

In a furltfir aspect, the present iDventioTi iMOvides a method for the production of 
single dbiain antibodies accoiding to the present invention ^mprismg administering an 
BJBSSg/sn to a trwsgenic according to preseiot mvendon. 

The single chain antibodies produced from trapsgcnic axumals^ of the present invention 
10 indude pol3^1onal and monoclonal single chain audbodies and fiagmrats thereof. If 
nolyclonal antibodies are. desired, the transgenic animal (e,g.» numse, rabbit, goat, 
horse, etdi.) may he Fbaiixmilid an^ahtigen and scium firom tbe immunised' ^oinal 
■ collei^ and treated iaco^^ to Icncr^ procedutes. If senim containing polyclonal 
i^j antibodies contdns antibodies to othcn- andgoDS* the polyclonal entifatidies of intcreist 
. can be purified by imm^^^^^^ and sucb like tedmiqui^ Whi<^ 

ml] be fiumliar to those skilled in the art. Tedsodques for prodocing and processing 
poIyclCKud antiseza are also knovm in the arL 



Uses of single chain antibodies according to the present invention 

20 Single chain antibodies uiduding fragments thereof according to the present invootion 
may be employed in in vivo therapeutic and prophylactic applications, in vitro and in 
vivo diagnostic applications, in vitro assay and reagent applications, and the like. 

Tbe»peudc and prophylactio uses of sixigle chaip antibodies according to the invention 
25 involve flie adxmnisEiation of Ifac above to a recipimt mammal, siKrh as a h uman , 

■Camelised VH single cbajn heavy chain antibodies' possess several advantages over 
camelid VHH single chain andbody molecules in the t r ealmcn t of humans. For 
example camelised VH single chain antibodies possess a prot^ A binding site in tbe 
30 case of antSbodies based on the VH3 gene family. In addrdon, camelised VH single 



33 



10 



GliaiDd]3libodiesaree)q)eciBdto showlowrimxnunogemciiyUiaDoatiieUd VI^ 
single chain amibodies vAacn admmTstered to humane. 

KwiUalsobe^preciatedtibat ^paxxielised^^ and 
'camelid VHH single heavy chain antibodies' have some different j^ysical 
diazacteristics than conventional doal chain antibodies. For CTcample, due to the lack of 
a functional CHI heavy domain^ antibodies of the pgreseat invrailion do not bind 
complement xnolecule Clq v?faich is involved in activation of ifae classical pathway of 
complement 



Substandally pyxro single chain antibodies including fiagments thereof of at ieas;t 90 to 
95% homogeneity are prefened for adroinistratlcm to a manrmal, and 98 ti> 99% or 
i^ioiq&h^ is most prelfeixeff fer pbamiaceutica] uses, cspedaiiy vAien the 

mf^j^^ is a hipian. Once piuifie^^iartialfy or to hoinogeneity as desijped, the singje;^ 

(ii^ci^ding extracQipcHreally) or iu d^elopmg an^ per&miing assay procedutes using ^ 



inethods known to those sikilled in 



The selected angle chain antibodies of the present invention wiU typically find use in 
20 pgeventiafl, sap pre s sing or treatii^ f nflammafoi y states^ alletgic hypecscnsMvity, 

cancar» bactedal or vtrat infection, and antoimmime disorders (which include, but axe 
not limited to, I^pe Idiabete$> mult^le sdetosis^iheninatoid arthritis^, systemic hipns 
exythematosos^ Crohn^s disease and myasfhenia gravis), and in preventing tran^lant 
iqection. For imftanoe, dqpIodCKn of Iheregnlatofry T cdls or interference with ttieir 
25 recTuHmentmay result in an ^ihanced immune response wfaicbmay be of particular 
use iaihe treatment of infections vrhich otherwise esc^qse anonnal immune response. 



In addition^ the sheeted single (diain antibodies inchiding fisigments thereof maybe 
usefhl fi>r modulating an inmiune response in regions of a vertebrate "^ere they are 
30 not normally located- For example, ime or more antibodies used as heredn described 
may be perfused, injected, into atissueof a vertebrate, usbgtBchniqussknovyn to 
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those skilled in the ait The presence of an antibpdy as desctib^ herBin^ in such an 
ectafuc environmeiitt may be useful in the modulation of an immune response during 
far example, transplant rejection and lihe like. 

In the instant apidicatioo» the tena **pieveution" involves administration of the 
protective composition TrriftrtnUiB induction of the disease. **Suppresslotf ' refers to 
adroinististim of Ibe composition after an inductive event; but prior to the clinical 
aopcaiance of the disease, nfreatmenc** involves administration of tbe protective 
composition after disease symptoms become manifest 

Animal model systen^ whidicaiibe usedto screen Aeeffeotxvepess of the selected 
antibodies of the utcsent invention in proteonng against or treating ifao disease are 
availahid Mediods fbr "die le^^ of syilf^^is li^us eiy^emotows (SLE^ in 
susceptible inioe are kncfvun in the drt (S^gbt et al. J. Exp, Med., 147: 1653; 

Reineisien ist aL (19781 New Eng. J. Med;'^299: 515), Myasthenia Gravis (MQ) 
tested in S)L/J female mice by inducing^^ disease wh soluble AchR protdba from 
another species (Lindstrom et aL (1988) Adv. hnmunol^ 42: 233). Ardizilds is mduced 
in a siKccptible strain of mice by injection of Type n collagen (Stuart ct al, (1 9S4) 
Ann. Rev. firammoL, 42; 233), A modd by which adjuvant ardiritis is induced in 
susceptible rats by injection of mycobacterial heat shock protein has been described 
(Van Eden et al, (1988) Nature, 331: 171). Thyroiditis is induced in mice by 
admimsttation of thyroglobulin as described (Maron et al. (1980) I. Exp- Med^ 152: 
1 1 15). Insulin dependent diabetes mellitus (IDDM) occurs naturally or can be induced 
in certain strains of mice such as those described by Kanasffw^ 
Diabetologia^ 27: 1 1 3. EAE in mouse and rat serves as a model for IAS in human. In 
tins mod^ the demyelinating disease is induced fay administration of myelin basic 
protein (see Pateison (1986) Textbook of iTmnunopatfaology, Misdier et al., eds.. 
Qrune and Stwtton^Ncw York, pp, 179-213; McFarlin et aL (1973) Science. 179: 478: 
and Satoh et al, (1987) J. ImmunoL, 138: 179). 
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Generany, fte selected single chain antibodies of the present invention will be utilised 
inpmifiedfotra together with phannacologically appropriate carriers. TjipicaUy, these 
caiiiere inchide aqueous or alcoholic/aqoeous solutions, emulsions or su^pensioDS, any 
including saline and^or buffered media. P^renteial vehicles kdudc sodhim chloride 
solution, Rigger's dexlros^ ctextiose and sodium cbleride and laetated Ringer^a. 
Suitable pfay$iol08ieaUy-ace«;pt^le adjuvants, if neoeasaty to keep apolypqitide 
c(Hi^ex in suspemioii, may be ehosM fiom tiuckeners such as 
cariwHcymethyleellulose. polyvinvhaivm>lidone^ gdarin ^ 
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Intravenous vehicles indude fluid and nuniMtiqjIeaisbeis and electiolytB 
repIenishAiS, Such flS those based On Ringer's dextrose. PresovativBS and olher 
addithfes, sHiAaa iuttiinfcrolria^antiaxldaBt8i,clietati^ inert gases, may 

also be pii^eot <^feck (1982) Raniogcpli'sjP&aimaeeiti^ Sciences, l SOi Edition). 

15 Ihd sel4>ni:aiQgl6 (flkiik anlfljodiesWi^^' fiagmjiis thereof of the present 
invenfit^'ipy be usedlb SQjarately adnfi^ 

other a^atti These can iochide various rm^unothearapkaic drugs, such as 
t^ydo^iine, meHiDtroxate, adriamycin or cisplatinum, and immvnotoxins. 
Phatmaoeatical oompositioas can include "codctails" of various cytotoxic or other 
20 agents in conjunction with the selected antibodies, or T-«el]s of the present invention 
or even combinations of 4e sdeeted antibodies aocoiding to the piesait invention. 

nie route of adminisaation of phannaceutical con^osilions accoiding to die invention 
may be any of ttose commonly known to those of ordinaiy stall in art For ^laepy, 
25 including vrfthom limitation innnnnotherapy,4e selected antibodies, recei^ 
binding proteins thereof of the invaation can be administered to aiqr patient in 
accordance with standard techniques. The administiatioB can be by any appropriate 
mode, mcluding parenEerally, ratravenously, intramuscularly. intxaperitc»iBaUy, 
transdermaUy, via the pulmonary route, or also^ appropriately, by direct infusion wOOi a 
catheter. The dosage and fisequetwy of administiadon wffl depend on fte age. sex and 
condition of the patient, concunem adminisfiadon of otiher drugs, countetindicaiians 
and odier paiainetm to be taken into account by the dimcian. 
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In paniicul^r the ang^e diain antibodies^ and/or fragments and/or oomposrdoos th^:eof 
of the pz6$ent invention may be of particiilar use as anti-viral and/or andbactedals in 
extemal applications^ for instance in fte fimn of a:eams for skii^ vaginal application 
and so on. In addition, antibodies feagnncants aiKi composxtioas according to Ihe present 
invention may find use in tr^atizig eqmpment; such as places vdieie opp orCimistie 
infections are prevalent For exaiiQ>le» antibodies^ fragEnents thereof and compositions 
may be of jwticokir use in hospstal environmoita, and in particular intensive caze 
iinits. Furtbennare» the antibodies^ firagments thereof, and oompositicms of the present 
inveuXion may find use in the treatment of transplantation material eifter artificial or 
natoial tissue. For example st^zts or bone marrow in&cted with CMV or other vinises. 

Th^aHtibodie^^ £^ of tiite present invention may also *^ 

find nse in mtGrnal applicatibns;iii- me ^treatment O of diseases such as -ti tj::^^ 

m c jifhj fei ti s and m tbye treatment of antlftracterial -toxins. Furifaermore aiitibodics» rrx^H; -. 

ftagniehts and cois^sitions thereof ioay find us€( against a host of diseases and/or <^ 

The selected antibodies, of this invention can be lyppUlised for storage and 
reconstitutied in a smtiai^Ie carrier prior to nsc* Known lyophilisatLOn rcconstitntion 
tedmiques can be enqxlcyed. It wiU be ai^ciaial 1^ 

iyopbilisatioa and reconsdtution can lead to varying degtees of fbnctiODal activity loss 
and di&t use levels may have to be adjusted upward to compensate. 

In addition, attibodi es according t& the i«esedt irivuxtion may be used fbr diagnostic 
purposes. F w example a]]^odie& as herein described may be generotied or raised 
against actions ^vidiich are specifically expresKd duong disease states or whose levels 
change dming a grvcn disease states* 

For ceitain purposes such as diagnostic or tracing pmposes labels may be added. 
Suitable labels include l«it are not limited to any of the following, radimctivc labels. 
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NMR 33;^ labd s and fluoiescent labels. Meajds for fhe detection of th? labels wUl be 
^miliar to those sdcilled in fhe ax^ 

^camples of suitable tadioactive labds indudc technetium 99in (^^TTc) or iodine-m 
5 (^^I). labels such aft iodine^I23Jodine013,indhm 

nitrogeorlS. oxygeorn, gadolinium, manganese or item allow detection of the lahal 
using l«]MELLBbeb5odi as llCmethionine and FDGaie suitable forusexnthe 
tedhmque of po^Crcm emissioa tomography. Descriptiaii^ of proceduies and protocols 
fbr iisbg PBT ar& fetntifar to Oiose skilled in the art. 

A suitable fluorophora is GFP or a mntant thereof. GFP and its mutants may be 
syntheased together wWi th^ antibodies of the present inventiMj or target molecule by 
expressiMrihetCTwth es^ |»sion poIyp^ti<^^c(x>r^ Soinethods wU known in the 
art For exatople. a tzanscr^on unit may t^^ibnstructcd«s an in-fiame fbsion of the 
denized QFT{ jpnd die iminunoglobnlin lOr ta^^^^ Mserted into a vector as described 
above, osin^^nventiqn^PCR cloniag andiUge^<m techniques. 

Antzbodies acconiing to fiie preaeat mvention may be labelled with any agent curable 
of generating a ^gnaL The signidinay be any detectable signal, such as the induction 
of the cxpressioa of a detectable gene product Exantples of detectable gene products 
include biotinziinescent polypeptides, such as luciferase and GFP^ polyp^tidea 
detectable by spedbSc assays^ such as b^argalactosidase and CAT, and polypeptides 
which modulate ibc growth characteristics of the host cdl, such as enzymes reqnized 
for metabolism sndi as or antibiotic re^stance genes such as 0418. 

The compositions containing the present selected antibodies of the present invaation or 
a cock!aiI thereof can be adininisterBd for prophylactic and/or therapeutic treatments. 
In ceztam therapeutic applicatloiis, an adequate amount to aii^oompUsh at least partial 
inhibition, suppression, mo Hitlati on; killing, or some other measurable parameter, of a 
population of selected cells is defined as a "therapeutically-cffective dose". Amounts 
needed to aducv^ tiiis dosage will depend upon the severity of the disease and the 
general state of the patient's own hrmume system, but generally range fiom 0.0OOO5 to 
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5.0 mg of selected sin^e cliain antibody per kilogmn of body weigjit, with doses of 
0.0005 to 2.0 mgilcg/dose being more oommozily used. For prophylactic q)pfications, 
cOTipodtions conlaiiiixig die present selected polypeptides or coddails th«<eof may 
also be adnujotet^ied in similar or slightly lower dosages. 

5 

A conqpositioA containing one or more selected antibodies according to the preseirf: 
invention may be utilised in prophylactic and fiiet^}eutic settings to aid in the 
alteration,, inactivstion, killing or removal of a select target cell population in a 
mamznal. In addition, the selected r^ertoires of polypeptides described herein may be 

10 used extzacoiporeally or in vitro selectively to kill, deplete or otherwise effectively 
remove a target cdl popoLatxon from a heterogeneous coUectioa of cells. Blood fiom a 
mflTWrtfli may be Mmbmed extracoiporeally with the selected antibodies^ cell^surface 
receptors or bindio^-p^ttrteins "d^ereof whereby Ae^-Ssii^red cells are killed or 
otherwise Temoved^£rcmi the blc^ 

15 standard technwinfe';^ '\ ^-i'.. ■ : }. ^ 

In a fordier aspect; the present invention provides the us e of a single heavy chain 
antibody as herein described as an intracellular bindmg reagent 

20 Antibodies of the present invaxtion can be expressed in any cell type and may bind to 
and afiect the function of any intracellular component. IntraceUular components may 
be for example components of the cytoskeletcm^ molecules involved in gene 
cxpt&sAon azuj/or die regolBl2<m of expresdon, ensues or molecules involved in lb& 
regulation of ^ fimcdon of cellular components. One skilled in the art wQl ^ipredate 

25 thai Yius list is not intended to be exhaustive. Wbscc for example the compcmcnt is an 
enzyme inhibitor, an anribody of the present inveiition may incniease or decrease the 
activity of the emyme^ The active site of enzymes is often located in the largest cavity 
on die protdn suz&ce. Such sites axe not nonnaUy immunog^c for oonv^itional 
antibodies CNfovotny et al, (1986) Proa NaL Acad USA. 83^ 226). The long H3 loop of 

30 single . nain antibodies according to the present invmtiDu penetrates deeply into the 
active site of enzymes, allowing them to act as efBcient enzyme inhibitors. 
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Zn addition, other fbnctioiis may be addi^ to ancibodjes of the present invention such 
as ti9]i$port peptides and/or flmcticKial moielies providing an enzymic activity^, for 
example kinases, proteases, phosphatases, de-acetyias»» acelylases, iibiquitmylatiQn 
easym^ sumol^Iion mxym^ piediylases eii;^ Funiiennoie» other antibodies may be 
5 attachfidlo the single chain antibodies, or fragments thereof according to tho present 
inv^on. Those dolled in the ert will appreciate tfaatthis list is not intended to be ^ 
exhansdve. 

Fintheimore, azitibod^s, or fiagments theieof may be used as purification reagents by 
10 attaduDg llie siagle chain antibody Of &agment ihecepf to another suiiaGe allowing the 
pmificadon of andg^n over that surface (ie af&nity) puziGcation). 

Further, the an(tii?pdics, <»d&ggmcn|s thcrqpfi^gilndang ta ^ pr^ent invention may be 
used ^ diagp03tic too]$.)}:G«^^ th^xE^^Tdi^ed to detect tumour specie 
IS proteins that aie present in ^e b!ood3tTew ^Ip^lng early detection of tmnour specific 
proteins. Moreover, the antibodies or fragmen^ith^reof according to the present 
invcniion may b&nsed diagaostically in array fbrm allowing the efficient am^ 
shnultaneous detection of a monber of molecular interaction;^ between Ibe antiboducs 
and fheir fingm&it and ligandSw 

20 

AU publications mentioned in the above specification are hemn incoipoialed by 
reference. Various modifications and variations of the described methods and system 
of the present iztvention will be ^paremt to those skilled in the art without departing 
from the scope and spiiit of the present invendozL Although the present iocvcndon has 

25 been described in connection widi specific piefeued embodiments, it should be 

und^stood that the invention » claimed should not be unduly limited to such specific 
embodiments, hideed* various modifioations of tiie described modes for carrying out 
the invention whidi are obvious to those skilled in biochemistiy» molecular biology 
and biotechnology or related fields ate intended to be widxin the scc^ of the following 

30 dazms. 



